Second messengers in cholinergic-induced convulsions and neuronal injury.
Acetylcholine (ACh) is a powerful excitatory neurotransmitter in the brain. Stimulation of brain cholinergic muscarinic receptors (mAChR) cause persistent tonic-clonic convulsions. mAChRs are coupled to G-protein which mediates the receptor stimulation to phospholipidase C (PLC). PLC hydrolyses phosphatidylinositol-4,5-bisphosphate (PI), a membrane phospholipid, into two second messengers, inositol-1,4,5-trisphosphate (Ins(1,4,5)P3), and diacylglycerol (DAG). Both messengers cause neuronal stimulation and when in excess, may contribute to neuronal injury. Indirect cholinergic agonists organophosphates (OPs) such as soman, paraoxon, and malaoxon, and direct cholinergic agonists, such as pilocarpine, are powerful convulsants. They stimulate brain mAChR-coupled to PI signalling as indicated by decreased brain inositol and increased brain inositol monophosphates, metabolites in PI turnover, and indirectly reflect the activity of the brain PI system. In rats, during cholinergic convulsions, brain inositol decreases, and inositol monophosphates increase prior to and during convulsions. Persistent convulsions cause neuronal injury especially in the hippocampus and cortex, and associated increase in brain Ca2+. The mechanisms of convulsions and associated neuronal have remained open, but both in vitro and in vivo data provide evidence that facilitated PI signalling and increases in free intracellular Ca2+ may have an important role in these events. Age and female sex amplify the effects of cholinergic brain stimulation and convulsions.